The contribution of proline residues to protein stability is associated with isomerization equilibrium in both unfolded and folded states.
It has long been understood that the proline residue has lower configurational entropy than any other amino acid residue due to pyrrolidine ring hindrance. The peptide bond between proline and its preceding amino acid (Xaa-Pro) typically exists as a mixture of cis- and trans-isomers in the unfolded protein. Cis-trans isomerization of Xaa-Pro peptide bonds are infrequent, but still occur in folded proteins. Therefore, the effects of the cis-trans isomerization equilibrium in both unfolded and folded states should be taken into account when estimating the stability contribution of a specific proline residue. In order to study the stability contribution of the four proline residues to the hyperthermophilic protein Ssh10b, in this work, we expressed and purified a series of Pro-->Ala mutants of Ssh10b, and performed correlative unfolding experiments in detail. We proposed a new unfolding model including proline isomerization. The model predicts that the contribution of a proline residue to protein stability is associated with the thermodynamic equilibrium between cis- and trans-isomers both in the unfolded and folded states, agreeing well with the experimental results.